Abstract. Ethephon (2-chloroethylphosphonic acid) was applied to single cluster greenhouse tomato crops (1000 ppm) at the green mature stage of fruit development or when 35% of the plants had fruits at the breaker stage. Fruits were harvested at the pink stage. Untreated fruit were harvested from 95 to 116 days after sowing whereas fruit from the green mature ethephon treatment were harvested from 92 to 102 days, three days earlier and with a reduction in the harvest window from 22 to 11 days. Fruit treated with ethephon at 35% breaker were harvested at the same time as untreated fruit, but harvest was completed after only 12 days. Fruit yield from the green mature ethephon treatment was reduced by about 30%, but there was no signifi cant difference in fruit yield as a result of ethephon treatment at 35% breaker. Fruit color, fi rmness and soluble solids were evaluated one and six days after harvest. Fruit fi rmness and soluble solids were unaffected by treatment; however, fruit from the ethephon treatments were signifi cantly redder in color. In a second experiment, ethephon was applied at 500 or 1000 ppm when 100% of the plants had fruit at the breaker stage. Fruit were harvested over a 7-day time interval compared to untreated fruit that were harvested over 14 days, and there was a small but signifi cant increase in fruit yield for the 1000 ppm treatment. Both ethephon treatments also increased fruit soluble solids. For limited cluster tomato production systems, ethephon is effective in reducing the harvest window without loss in postharvest fruit quality.
Greenhouse grown tomatoes now account for more than 16% of the fresh market tomatoes in the U.S., up from only 1% in 1990 (DeGiglio, 2003; R. Cook, personal communication) . Multiple cluster greenhouse tomato crops are usually grown hydroponically in bag culture with the stems trained on vertical and/or horizontal wires. There are usually two crops grown each year with harvests in the fall and spring. Continuous year-round production systems of one to three clusters per plant are being investigated, however, because they have the potential to increase crop profi tability through increased yield and reduced costs for some cultural practices (Giniger et al., 1988; Logendra et al., 2001; McAvoy and Janes, 1988) . For limited cluster systems, labor effi ciency is improved since plants can be grown on transportable benches making pruning, spraying and harvesting the crop easier. Continuous production is possible since there is better utilization of natural and supplemental light in winter. The limited cluster system may also allow the use of growth regulators to reduce pruning or to promote fruit ripening since plants contain fruit at similar stages of development reducing unwanted side effects of treatment.
Ethephon is used on processing tomatoes to obtain a uniform earlier ripening crop in a single mechanical harvest (Murray, 2001) . Since considerable leaf senescence results from ethephon treatment it is unsuitable for the traditional greenhouse tomato crop that produces clusters of fruit sequentially over several months. However, for a limited cluster system, crop production time could be reduced by ethephon treatment if this treatment does not adversely affect fruit yield or postharvest quality. In this study we applied ethephon to single cluster tomato plants at two stages of fruit development and determined the effect on fruit yield, harvest dates, and fruit quality.
Material and Methods
Seeds ('Laura') were sown in rockwool (RW) plugs (2.5 × 2.5 × 3.8 cm), watered, and kept at 25 °C. After germination (7 d after sowing) plants were irrigated with a nutrient solution containing the following elements: N (as NO 3 ) at 172 mg·L . At 10 d, seedlings were transplanted into RW cubes (7.6 × 7.6 × 6.3 cm) and grown on aluminum benches (1.4 × 5.0 m) with an ebb and fl ood irrigation system. The greenhouse was maintained at 24 °C day/20 °C night air temperature. Seedlings were spaced 30 cm apart on a thin sheet of rayon-polyester material that lined the bench. Plants received two irrigations per day with nutrient solution until 35 d when the irrigation regime was increased to 5 to 7 irrigations daily with an EC of 2.3 mS·cm -1 . The aerial portion of the plant was supported with two horizontal layers of galvanized wire mesh netting (12 gauge, with 15 × 20-cm grids) mounted on the benches at 30, and at either 60 or 90 cm above the bench top. At 45 d any side shoots that had developed were manually pruned and the plants were topped so that there were two leaves above the fruiting cluster. Pollination was accomplished by vibrating the fl ower clusters daily with a leaf-blower during the fl owering period. If the outside natural light intensity was < 800 µmol·m -2 ·s -1
, supplemental lighting was provided from high-pressure sodium lamps at an intensity of 80 µmol·m -2 ·s -1 for 16 h from 0500 to 2100 HR. Light integral measurements were made with quantum sensors located 1 m above the bench top and data were recorded with a datalogger (LI-1000; LI-COR, Lincoln, Nebr.).
Ethephon was applied with a hand sprayer until run-off, and fruit were harvested every other day at the pink stage. After rinsing in water, fruit color measurements were made on the equatorial surface using a chromameter (CR-200; Minolta camera Co., Ltd., Osaka, Japan). Fruit fi rmness was measured as a compression force using a texture analyzer (TA.XT2; Stable Micro Systems, Surrey, U.K.) using a 1.25-cmdiameter spherical probe. Compression was applied to the fruit surface through a distance of 5 mm at a speed of 1 mm·s -1 . Fruit were homogenized in a blender and soluble solids measured by refractometry using a Brix scale refractometer (Leica, Inc., Buffalo, N.Y.) Data were subjected to analysis of variance for a randomized complete-block experiment, with four plants/treatment in eight replicate blocks. Means were separated by LSD test.
Results and Discussion
Ethephon application to fruit at the mature green stage resulted in a signifi cant advance and concentration of the harvest period. Fruit were harvested three d earlier and for an 11-d harvest period compared to untreated fruit that were harvested over 22 d (Table 1) . Fruit treated when 35% of the plants had fruit at the breaker stage were harvested at the same time as untreated fruit, but they were harvested over a 12-d interval. Fruit yield was unaffected by the ethephon treatment at 35% breaker, but the earlier treatment at the green mature stage resulted in a 30% yield reduction due to smaller average fruit size. This is in contrast with results from fi eld grown tomato crops that are harvested once. Ethephon concentrated ripening and increased fruit yield by inducing more small fruits to ripen (Dostal and Wilcox, 1971; Splittstoesser and Vandemark, 1971 ). In the fi eld studies employing a single harvest, these same fruit contribute to fruit yield whereas without ethephon treatment, they would be discarded. In our multiple harvest studies, the smaller younger fruit were induced to ripen before they had reached full size resulting in a yield reduction.
All fruit were harvested at the pink stage, and color intensity continued to increase during the postharvest period (Table 2) color meter value for red color and the lycopene content of the fruit. Ethephon treatments resulted in higher red color measurements at both test dates. In contrast, there were no differences between treatments for fruit fi rmness at either date, although all fruit lost about 25% of fi rmness between the test dates. Soluble solids were generally unaffected by either treatment or date in this experiment.
In a second experiment (Table 3) , ethephon treatments were made when all plants had fruit at the breaker stage. Fruit harvest was concentrated and there was an increase in fruit yield at the 1000 ppm rate. Untreated plants contained a number of small green fruit that were discarded at the end of the experiment, whereas most of these fruits ripened on the ethephon treated plants contributing to the increase in yield. Soluble solids content of the fruit was signifi cantly increased by ethephon treatment in this experiment. Variable effects on soluble solids have been reported previously. Iwahori and Lyons (1970) found that the soluble solids in tomato fruit increased between breaker and full color development with ethephon, and Ohta et al. (1992) found that Brix values increased after ethephon treatment to cherry tomatoes. For processing tomatoes, however, there is generally little effect of ethephon on soluble solids (Murray, 2001) . Tomato fruit continue to increase in size even during the early stages of fruit ripening (Atta-Aly et al., 1999) , and soluble solids may increase in tomato if there is continued translocation of sugars into the fruit, or if there is a more complete breakdown of starch to sugars. Ethephon may affect assimilate translocation to fruit by inducing leaf senescence in older leaves, which are probably only marginal source leaves during the time of fruit ripening, and remobilizing the carbohydrates to the fruit. Ethephon may also affect the regulation of genes involved in carbohydrate metabolism during ripening such as the invertases (Davies et al., 1990) , which may increase soluble solids content directly, or indirectly, via enhanced unloading of sucrose from the phloem into fruit (Roitsch et al., 1995) .
For limited cluster greenhouse production systems, ethephon can be a useful plant growth regulator to concentrate and advance harvest, and may in some cases increase postharvest fruit quality. 
